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TERENCE RICHARD LEE*

Managing Water Resources in
Latin America
ABSTRACT
This paper discusses issues in water resources management in Latin
America using four case studies. The case studies are presented within
the context of the historicaldevelopment of water resources management
in the region and of contemporarypractice. On the basis of the evidence
provided by the case studies, the current state of water management is
criticallyreviewed andconclusions drawn of generalapplicabilityto Latin
America. Finally, recommendationsare madefor improving the efficicacy
of management.
INTRODUCTION
Investment in water control projects has formed a major part of efforts
to achieve economic development in Latin America over the last four
decades. The result has been an increase in the regulation and control of
rivers so that even the largest river systems are subject to considerable
interference in their natural flow regimes. The expansion of control works
has raised the need to weigh the social question of managing complex
water systems rather than operating individual control works directed
towards satisfying the demands of specific uses.
The need to improve management has become imperative following
Latin America's current economic recession, since in most countries the
rate of expansion in the construction of control works has slowed dramatically. At the same time an evaluation of the effectiveness of the
existing water control has begun. There is concern that the gains anticipated from this investment in water control works have not been realized
to the extent expected when the projects were originally undertaken.'
Moreover, there is criticism that in many water control projects heavy
costs have been incurred in the loss of alternative environmental opportunities-costs not justified by the benefits actually obtained. 2
Therefore, strong circumstantial arguments exist for examining the
performance of water resource management in Latin America. Such an
*Economic Commission for Latin America and the Caribbean (ECLAC)
I. Dourojeanni & Lee, IrrigationAgriculture and Water Management Policy in Latin America
and the Caribbean. Entwicklung + LAndlicher Raum. 23 Jahrgang. Feb.. 1989.
2. For an extensive discussion of this issue see, United Nations Economic Commission for Latin
America (ECLAC), Water Management and Environment in Latin America (Biswas ed. 1979).
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examination should also consider more general questions of the form and
nature that future water management should take to fulfill its role most
effectively. This paper evaluates the nature of water management in Latin
America by examining four case studies of contemporary water management practice. This particular approach was adopted because it is necessary to analyze real experiences in detail to understand the meaning of
the policies as adapted to the actual practice of management. Commentators have noted the absence of evaluation of the lessons provided by
the previous work in water management.' Consequently, case studies of
water management practice should be undertaken to better sustain policy
generalizations. It is necessary, however, to distinguish the general from
the particular to place the case studies within the context of the evolution
of water management in the region.
THE ORIGINS OF WATER MANAGEMENT IN LATIN AMERICA

Latin America enjoys a long tradition ofcontrolled water use for specific
social ends, and water management institutions have been important in
the historical development of many Latin American societies. Contemporary water management in Latin America amalgamates these traditional
models and more recent attempts to introduce management concepts based
on the European and North American models.
Social control of water resources in Latin America considerably predates the arrival of European colonizers in the 15th century. The control
of water use in pre-Colombian societies was a significant public activity
which formed a fundamental part of the socio-institutional structure."
Although much of the existing social structure was destroyed, the Spanish
colonizers emphasized the social control of water use, replacing preColombian water management norms with methods brought from Spain
based on the Roman and Moorish traditions prevalent there.' The Spanish
systems remained the norm until the countries of Latin America gained
independence and drafted their own constitutions. These constitutions, in
3. See e.g.. Geography, Resources and Environment, in Volume I Selected Writings of Gilbert
F. White 254 (R. Kates & 1. Burton eds. 1986),
4. This was particularly the case in the and coastal region of Peru, for example,
"From the Hacari valley up to the valleys called Uuifia. Camani. Caruilli, Picta. Quelica
and others which lie ahead from north to south, for a distance of sixty leagues along the
coast and these valleys nan twenty leagues down river from the Sierra to the sea, and in
them as wide as it is possible to irrigate on both sides of the river, some irrigate two
leagues, others more and others less, according to the water available, little or much:
there are some rivers along the coast which the Indians do not allow to reach the sea.
taking every drop to irrigate their fields and orchards."
de [a Vega. Inca, Comentarios Reales, Editorial Mercurio (1970).
5. J.Lopez, El Derecho y laAdminstraci6n de Aguas en lberoainerica (1975) (paper presented
at the International Conference on Global Water Law Systems. Valencia).
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general, declared water to be a public good and laid the foundation for
public intervention in the management of the resource.' Water management was, however, largely a function of local government. 7
Beginning in the 1920s and continuing for almost half a century, national single-purpose institutions became the prevailing management form.
This trend continued until the advent of other influences over the organization of water management and the nature of the emerging institutions
changed in the 1970s. For example, in Argentina the consolidation of
federal single-purpose institutions was reversed as a strong decentralization policy was adopted, transferring responsibility back to the provinces." In other countries, however, the process of forming single-purpose
national institutions continues, although in some cases it is accompanied
by the introduction of other modalities of water management.'
External influences over water management affected the evolution of
policy with the reestablishment, on a much different scale, of the international and regional financial and development agencies following the
Second World War. The activities of these agencies reached a significant
scale and level of influence by the early 1950s and accompanied a new
stage of water management in Latin America. The new, widespread adoption of organizational arrangements based on centralized single-purpose
institutions largely reflected the influence of the multilateral financial and
technical assistance agencies, as did the use of water control projects as
a means for achieving economic and social development.'" At the same
time, the multilateral financial agencies exerted strong influences over
water management through the conditions accompanying the provision
of loans." The international agencies, although they tend to be organized
by sector,' 2 have strongly favored coordination and integrated river basin
management. The actual practice in the 'region remains very different.
There have been isolated applications of the concept in various countries,
but with the exception of Colombia, few successful examples of integrated
6. A more complete account can be found in T. Lee, Management of the Water Resource in Latin
America and the Caribbean (Westview Press, forthcoming).
7. P. Azpurua, 25 de 35 (book title), 365-79 (1975).
8. A. Llop, La Gesti6n de los Recursos Hidricos en laZona Arida Argentina (Aug. 15.26, 1989)
(paper from the Seminar/Study Tour on Water Management and Use, Tashkent. USSR).
9. United Nations, Economic Comission for Latin America, La Gesti6n de los Recursos Hidricos
en America Latina y elCaribe, Estudios e Informes 71, U.N. Document LC/G.1523-P (1989).
10. Id.
I1. United Nations, Economic Comission for Latin America, The Water Resources of Latin
America and the Caribbean and their Utilization, Estudios e Infonmes 53. U.N.Document LC/G. 1358
(1985).
12. For example, the Pan American Health Organization has responsibility for drinking water
supply and sanitation, FAO has responsibility for agriculture, and the Banks have concentrated on

larger projects--ydroeectricity, irigation, etc.
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river basin mangement exist.' 3 Even the application of the concept in
water planning is not common. For example, the Mexican national water
plan uses a regionalization at the highest level of aggregation which
respects river basin boundaries, but the subregions used as the basic
operational spatial units are defined by administrative boundaries. " Moreover, even at the highest level of aggregation, some of the major basins
are subdivided rather than treated as single units from source to mouth.'
The discussion of national water management policies provides only
one view of the state of water management in the region. It is also
necessary to evaluate what is actually happening at the river basin and
water system level. National policy may not have the impact expected
on the actual practice of management. National policy can be, and often
is, divorced from the reality in the field. It may be based on assumptions
that are not realistic. Actual practices must be evaluated if the evolution
of water management in the region is to be understood in its proper
perspective. This is the purpose of the case studies.
THE CONTEMPORARY WATER MANAGEMENT EXPERIENCE

The four case studies presented in this paper were chosen to focus on
the evaluation of water management issues in the region. They represent,
but do not exhaust, the variety of water management situations found in
Latin America (Figure 1). The cases differ in the nature of the water
resources systems that are being managed, in the type of administrative
institutions active in management, in the constraints faced, and in the
most significant current problems. However, each case shared the recognition that management was far from optimum and no obvious solution
was apparent.
Case I. Irrigation in the Province of Mendoza, Argentina"'
The development of irrigation in Mendoza forms the earliest modern
example in the region of the deliberate use of water to achieve general
economic and social development. The original provincial legislation
governing irrigation, and water use in general, was a model in its time
13. Colombia may be considered a doubtful exception as the regional development corporations
are not primarily water management institutions nor are their areas of responsibility defined by
watershed boundaries. See A. Gomez. S. Ruiz & D. Fajardo. Manejo y Desarrollo de Cuencas Alto
Andinas en Colombia: La Experiencia del Desarrollo Rural Integrado (1987) (report prepared for
Junta del Acuerdo de Cartegena. Departamento de Politica Tecnol6gica).
14. Mexico, Secretarfa de Agricultura y Recursos Hidriulicos, Comisi6n del Plan Nacional, Plan
Nacional Hidriulico (1981).

15. id.
16. Based on the study prepared for the United Nations, Economic Commission for Latin America
and the Caribbean by the Centre de Economia. Legislaci6n y Administraci6n del Agua (CELA), El
Riego en Mendoza: Determinantes Econ6micos, Sociales. Institucionales, Legales y Administrativos
de su Gesti6n (1986) [hereinafter CELA).
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Fgure 1
LOCATION OF THE CASE STUDIES
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and established a very particular and successful mix between public and
private responsibility for water management. The result was the creation
of an irrigation-based society in Mendoza with a very profitable agriculture centered on wine production.
The Nature of Irrigation in Mendoza
The irrigated areas of Mendoza are oases in an arid region. Most parts
of the province receive less than 200 millimeters of rainfall annually. The
major irrigated districts are located on the River Mendoza and the River
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Tunuyan in the northern part of the province and on the River Diamante
and River Atuel further south (Figure 2). All four rivers are tributaries
of the River Desaguadero, which does not reach the sea.
The irrigation systems in the northern and central regions are without
regulatory structures. In the south there is an elaborate system of regulation with a series of hydroelectric dams and compensatory structures
to ensure the water supply. Approximately 3,000 kilometers of canals
water more than 500,000 hectares, not all of which is under cultivation
at the present time. In recent years, particularly around the city of Men-

doza, many canals have become surrounded by the urban area.
In the last 20 years, the supply of surface water has been augmented
through the extensive use of groundwater. The expansion in the number
of wells reached a peak around 1970 and occurred with very little public
control, although with considerable public support. More recently, with
higher river flows than the long term average and with a significant
decrease in the area under irrigation, the use of groundwater has declined
and many wells are no longer used.
The Development of Irrigation
Agriculture in Mendoza today is based on the production of grapes for
wine. At the present time, this accounts for around 75 percent of the total
value of agricultural production. The dominance of grapes for wine is,
however, a relatively recent phenomenon of this century. The original
development of the region was based on the production of forage and
grain crops for livestock feeding and for export to Chile. This changed
at the end of the 19th century with the construction of the railway linking
Mendoza to Buenos Aires.
The railway not only brought new markets but also a special type of
immigration. The provincial authorities encouraged the imigration of Spanish
and Italian peasant farmers with previous experience in growing grapes.'
The expansion of irrigation was coupled with the increasing domination

of the wine production for the growing domestic market. By 1930, the
present agricultural structure had been established and the availability of

water for irrigation became the most important restriction on further
growth.
In the third period, from 1930 through the early 1970s, the water supply
deficit was overcome in the province as a whole through groundwater
exploitation. In addition, in the southern zone, the supply was augmented
by storage reservoirs created by federal hydropower dams. In the northern
irrigated zone around Mendoza, however, there was increasing competition for water for urban uses, such as waste disposal.
17. Id.
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Figure 2
IRRIGATION SYSTEM, PROVINCE OF MENDOZA, ARGENTINA
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From the coming of the railway to the early 1970s, the model upon
which the water system was built led to sustained economic growth and
the generation of high regional incomes. Although there were periods of
recession, growth was always resumed. In the last 15 years, however,
the model has failed at its base. The domestic demand for wine has
declined following economic recession and a change in consumer habits
involving the substitution of wine with beer and soft drinks. The importance of agriculture in Mendoza's economy has therefore suffered a longterm decline.
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The Administration of Water
Constitutionally, the administration of water resources in Argentina is
the responsibility of the provincial governments. " In the case of the
province of Mendoza, the provincial government has always dominated
the management of water despite a national tendency toward centralization. It has done so through a very particular system of water administration.
The water management system in Mendoza is dominated by two complementary institutions known as the Departamento General de Irrigaci6n
(DGI) and the Inspecciones de Cauce. 9 These two institutions have dominated general water management in the province despite the limitation
of their formal roles to the supply of water for irrigation. The two institutions are interrelated but independent, and occupy a very special constitutional position within the province. The DGI is responsible for the
complex of works which includes the river, the diversion structures and
the main canals and, more recently, groundwater basins, while the Inspecciones de Cauce are responsible for the secondary irrigation network.
They are both autonomous public institutions with strong user particiption,
and both raise their own revenues.
The Effectiveness of Water Management in Mendoza
The DGI is one of the oldest water management institutions in Latin
America. In general terms, the DGI has been and remains a successful
institution, but shows signs of age and of problems of adjusting to changing circumstances. ' The success of the DGI has been closely linked to
the success of the economic model applied in the province. This has
allowed the DGI to develop a strong base, an institutional position, and
a role that permits it to meet crises such as the present challenge to the
basis of Mendoza's irrigation society.
The DGI is only responsible for supplying water. It has no authority
over the use of water on the farm. It suffers, through the reduction of its
income, when farm production is depressed. Financially, it is an agent
of the water users, although general government revenues fund major
works. The current depression in the wine industry, coupled with changes
in the industry's structure, has resulted in a considerable transfer of
income from producers to distributors and a concomitant reduction in the
DGI's income. This reduction has affected its capacity to improve the
efficiency of water diversion and distribution.
de Economia. Legislacidn y Administraci6n del Agua, Administraci6n
M8.
Argentina. Instituto
Hfdrica en Anrica Latina (1976) (report prepared for United Nations. Economic Comission for
Latin America and the Caribbean).
19. The Department of Irrigation and the Watercourse lnspectorates.
20. CELA. supra note 16. at 163.91.
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In 1974, the DGI began regulating the use of groundwater. 2' Institutionally, however, this additional task has not been absorbed. The use of
groundwater remains fundamentally uncontrolled and there is a lack of
knowledge regarding the extent of the resource, its quality, and the effects
of exploitation and actual use. Less than one percent of the staff of the
DGI are employed in the administration of groundwater. 2
The DGI's slow response to the addition of groundwater regulation is
symptomatic of wider problems of adaptation to changing circumstance.
There are several areas related to the management of the irrigation system
where reform appears to be urgent:
(i) Considerable rigidities exist in the granting of water rights. The
original provisions,23 intended to establish clear water rights, now bar
maximum productive use of water both among and within farms. For
example, the water right is non-transferable.24 It is assigned to a specific
piece of land in a specific amount whether used or not.2 This rigidity in
the assignment of surface water is compounded by the failure of the 1974
modifications to the legal status of groundwater, ' which would have
permited the joint management and use of surface water supplies and
groundwater.
(ii) The system of information on the assignment of water rights is a
further obstacle to effective management. The registers of water rights
are maintained by hand and are not integrated.27 There are separate registers for surface and groundwater rights.2 ' The registers cannot be used,
therefore, as a tool to achieve greater efficiency in total water use.
(iii) The budgetary systems used in the DGI and the Inspecciones de
Cauce are not compatible, They do not permit the measurement of the
efficiency of management, or a rational discussion of the size and type
of expenses, or a comparison of the costs of different alternatives. In
general, the absence of controls on operations through the budgetary
process means that bureaucratic controls must be placed on operations,
rendering them inefficient.
(iv) The tariff system is based on paying for the right to use water,
not for the actual use of water, which makes the tariff a tax rather than
a price." This extends the lack of a relationship between expenditures
21.
22.
23.
24.
25.
26.
27.
28.
29.

Id. at 9O.
Id. at 125.
Mendoza, Ley de Aguas (1884).
CELA. supra note 16, at 166.
Id. at 168.
Id. at 169.
Id. at 171-72.
Id.
CELA, Estudio Presupuestario para la Administraci6n de Riego en Mendoza, Infomwe No. 1

110(1985).
30. CELA supra note 16. at 180.
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and output to the farm, thereby further reinforcing the inefficiencies in

the water management system.
Finally, the whole administrative system has become inadequate to deal
with the changes which have occurred in the demand for water and in
the wider regional economy. For example, the basis of the DGI's and the
Inspecciones' success in Mendoza was widespread user participation. The
subdivision of agricultural holdings has considerably diluted the degree

of participation as the number of users within individual Inspecciones
has grown. The growth of other water uses, especially the transport of

urban and industrial wastes, has complicated the nature of water management in Mendoza, and neither the Inspecciones or the DGI are structured to cope with this problem." Nevertheless, no other institutions have
been created to handle such uses. The management of groundwater remains unresolved despite the modifications to the water law in the mid1970s.3 The lack of groundwater management has adversely affected
interest in participation in the institutional system."
The water management system in Mendoza, despite its impressive
record in irrigation, has not adjusted to the challenge of the changing
circumstances of water management in the province. Its success impedes
change from outside. There is a need to manage all water uses, to better
integrate the management of irrigation water from surface water and
groundwater sources, to increase the resources evoted to soil conservation
and recuperation, and to improve water quality.
Case 2. Water Management and Regional Development in the
Bogota River Valley, Colombia'
The city of Bogota, located adjacent to but not on the Bogota River,
requires water for drinking, the generation of electrical energy, and the
transport and dilution of domestic and industrial wastes. Irrigation is
merely a secondary, although significant use of the water resource.
Colombia has a decentralized system of government and the institutions
responsible for the management of the water resource reflect this. The
central water management institution, the Regional Development Corporation for the Sabana of Bogota and the Ubati and Suarez Valleys
(CAR) is, theoretically, a river basin authority.
The Bogota Water System
The River Bogota rises at some 3,400 meters in the Cordillera Oriental
of Colombia and enters the River Magdalena, after travelling 270 kilo31. Id. at 184-185.

32. Id. at 169.
33. Id. at187.
34. Based on the study prepared for the United Nations, Economic Commission for Latin America
and the Caribbean by Jaime Saidarriaga, El Sistema de ta Cuenca del Rio Bogot4t, Bogoti. Colombia
(1986).
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Rgure 3
THE RIVER BOGOTA BASIN

UPPER BASIN

LOWER BASIN

meters, at 280 meters of altitude (Figure 3). Its drainage basin, of 5.996
square kilometers, consists of two contrasting parts. The larger upper
basin, the Sabana of Bogota. has a relatively temperate climate with
moderate to heavy rainfall. The smaller, lower part of the basin has a
humid tropical climate.T
The water system extends beyond the drainage basin of the River
Bogota, however, to include adjacent high valleys from which water is
diverted into the Bogota Basin. The Chingaza project, a diversion from
the River Guatiqui, is already in operation and a similar diversion is
contemplated from an area to the southeast. These diversions are the latest
additions to a complex system of control and diversion structures, concentrated in the upper basin. The total storage capacity of the Bogota
water system is approximately 1, 168. 1 million cubic meters, of which
226.2 million cubic meters correspond to the Chuza Reservoir on the
River Guatiqui.3 ' The most important control structures are sluices to
divert water for public supply and for the generation of hydroelectricity.
The River Bogota water system is used primarily for drinking and
industrial purposes by the city of Bogota, for the generation of electricity,
for the transport and dilution of domestic and industrial wastes, and for
irrigation3 7 Diversion for Bogota's municipal needs and for irrigation are

located upstream of the city. The main sewage discharges occur as the
river passes the city and slightly further downstream. Use is concentrated
in the upper basin. Only hydroelectric generation occurs on a large scale
outside the upper basin. The main generating stations are located parallel
35. Id. at
36. Id. at

3-5.

37. Id. at 13.19.

..
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to the Tequendama Falls between the upper and lower basins. The lower
basin is largely agricultural and places no major demands on the river.
The Water Management System
The Regional Development Corporation, CAR, is responsible for integrated resource management. The CAR was formed in 1961 for the
purpose of promoting economic development in the upper basin of the
River Bogota." Among its responsibilities was the management of renewable resources. "9 This responsibility was assigned to the National
Institute for Natural Resource Development (INDERENA) in 1968.40 Ten
years later, in 1978, further administrative modifications led to its reassignment back to the CAR.4 ' The jurisdiction of the CAR has recently
been extended to include the entire River Bogota Basin.4
The CAR administers all renewable resources, including water in public
use. To this end, the CAR has authority to grant concessions, to regulate,
and, if necessary, to suspend the use of all surface water and groundwater
within the region. 43 This authority includes the granting of rights for
diversions, to develop hydroelectricity, and responsibility for watershed
management.
The major users of water are the Bogota Water.Supply and Sewerage
Company (EAAB) and the Bogota Electric Company (EEEB). Both companies are owned by the municipality of Bogota. The municipal ownership
of the two major user agencies, together with the fact that the mayor of
Bogota is the president of both companies, and is on the board of directors
of the CAR provides a relatively auspicious foundation for inter-institutional cooperation and coordination.
There is, however, only a restricted formal system of coordination
between the CAR and these two major user agencies. The three institutions
form the Coordinating Committee for the rivers Bogota, Ubati and Suarez.'
This committee, established in 1967, has as its prime function the integrated management of the reservoirs of the Bogota water system.4" The
committee also considers and recommends studies and projects to improve
the use of water, such as channel straightening and dredging and new
reservoirs, as well as recommends hydrographic surveys and watershed
conservation measures.4
38. Colombia. Ley 3a, January 1961.
39. J. Saldarriaga. supra note 34. at 30.
40. Colombia. Decreto 2420 (1968).
41. Colombia. Ley r de 1978,
42.1. Saldamaga. supra note 34, at 30.
43. Id. at 31.
44. Id. at 36.
45. Id.
46. Id.

Summer 1990]

WATER RESOURCES IN LATIN AMERICA

Outside this committee, the two municipal companies coordinate their
activities directly between themselves. Within the national government,
the National Planning Department has authority over both the regional
development corporations and the activities of electricity supply and water
supply companies.' It can, therefore, intervene to achieve coordination
between the three institutions (the CAR, EAAB, and EEEB), particularly
when major projects are under consideration.
An interesting and important characteristic of the CAR is that its income
derives from a special property tax equivalent to 2.5 thousandths of the
assessed value. The income from this tax has increased in the last few
years and in 1985 it provided 90 percent of the total income of the CAR."
In general, the CAR devotes the bulk of its income to investments, mainly
in public works within the municipalities of the region but one third, on
average, has been invested in water management and pollution control. 9
The Effectiveness of Management in the Bogota Water System
The management of the Bogota water system embodies several innovative features which could be beneficially applied elsewhere in Latin
America. The key elements in the system are the effectiveness of the
CAR as a management institution, the interrelationship between the CAR
and the major Water users, and the degree of efficiency in the overall
management of the water system."
The effectiveness of the CAR in the practical aspects of resource management belies to some extent the authority which it formally possesses.
The failure to assert authority, for example in the delays in the preparation
and publication of a regional development plan, appears to be partly due
to internal inefficiencies. The CAR has recognized that its administrative
structure should be modified, but the proposals have not been implemented."'
In establishing the policy for water resource development and management, the CAR has not taken full advantage of its role as the regulator
of water use. For example, the work of the coordinating committee established with the EEEB and the EAAB has remained limited to the
consideration of ongoing routine management issues. The CAR has made
no attempt to expand its role or to use the occasion for imposing its
authority for long term management over the EAAB and the EEEB. On
the contrary, within the committee the CAR has tended to act as the
47. Id. at 37.
48. Colombia, Controlaria General de la Reptiblica. Las Corporaciones Regionales de Desarrollo
(CRDS). lnforme Financiero (1986).
49. Id.
50. J. Saldarriaga. supra note 34. at 68-71.
51. Id. at 70.
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representative of just another water use-irrigation--rather than attempting to establish its primacy as the resource management agency.
Part of the institutional diffidence shown by the CAR in its dealings
with the EAAB and the EEEB may be explained by the CAR's inability
to attract qualified personnel. The salary scale of the CAR is approximately 53 percent lower than that of the EEEB and is similarly lower
than the EAAB.' " Another important influence over its institutional effectiveness may be the difficult task of trying to serve two masters, given
the CAR's intermediate position between the two centers of political
authority in Colombia: the central government and the large municipalities, in this case, Bogota.
Therefore, despite what appears to be an appropriate institutional structure for integrated water management within the Bogota water system,
little has really been achieved. One major illustration of this has been
the failure of the institutions to react in any coherent form to the water
quality problem." A further example can be found in the use of water
for irrigation. The expansion of irrigation in the Sabana of Bogota is in
potential conflict with energy production downstream, because of evapotranspiration losses, but the conflict is not yet being discussed within
the context of the regional water system.
Case 3. The Tinajones Irrigation Project, Lambayeque, Peru'
The Tinajones irrigation project is one of the most important in Peru.
It is located in northern Peru on the Pacific Coast in the Chancay and
Reque river basins. The irrigated area covers some 97,000 hectares,
equivalent to 12.8 percent of the total area irrigated in the coastal region
of Peru." Between 1970 and 1979, the project area produced from 27
percent to 35 percent of the total national production of sugar and from
15 percent to 32 percent of the national production of rice, as well as
important quantities of cotton, beans, and com.
The Tinajones Water System
This modern irrigation system was built between 1965 and 1980 and
represents only part of the works envisaged in the original project proposal. 7 Irrigation in the Chancay-Lambayeque Valley is much older,
however, than the construction of the modern project. Irrigation flourished
52. Id. at69.
53. Id.at97.
54. Based on the study prepared for the United Nations. Economic Commission for Latin America
and the Caribbean by Julio Guerra, Eswdio del Proyecto de Imgaci6n, Tinajones-Lambeyque. Peru,

Lima. Peru (1986).
55. Id.at 15.

56. Id.
57. Id.at51.
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Figure 4
TINAJONES IRRIGAT!ON PROJECT
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to improve irrigation in the valley. For example, in 1925 new canals and
distribution systems were built, and in 1932 a new intake structure and
a wider canal were constructed. The present project is by far the most
ambitious of these schemes.
The project is made up of a complex series of works for the capture,
diversion, and storage of water (Figure 4) The most important works
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kilometer canal with a capacity of 70 cubic meters per second to a lateral
reservoir, Tinajones, and from the reservoir another canal leads the water
back to the Chancay.w This water is then distributed, in part directly and
in part by a series of canals from the Chancay and the Reque, for irrigation.
The largest canals are the Lambayeque and the Taymi, serving 26 percent
and 37 percent of the cultivated areas respectively. 6 ' There is a complementary but uncompleted drainage system. A second stage remains to be
built which will involve more transfers from the Atlantic watershed,
additional reservoirs, and improvements in the distribution system.6 e
58. Id a
59.1Id. at 36.
60. Id. at 38.

61. Id. at 43.
62.1Id. at 36.
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TABLE I
Tinajones Project, Number, Size and Holding System of Farms

(1976)
Size
Heetares)

Number

.%

Area
(Hectares)

%
49.9
9.1
29.6
5.5
5.7
50.1

Individuals
less than 3
3-15
15-20
more than 50
Asociativas
All

19,342
10,846
7,994
386
116

96.4
55.8
41.2
2.0
0.6

89,339
16,334
53,015
9,794
10.196

80

0.4

89.860

Total

19,422

179,199

Source: Guerra

Agriculture in Tinajones is dominated by 40 large farms which, since
the agrarian reform of 1969, have been managed by institutions known
as empresas asociativas.6' Nevertheless, almost 30 percent of the cultivated area is in small farms. Medium-sized farms and minifundos are of
lesser significance, although the latter -account for over half the total
number of farms (Table 1). The most important products are rice and
sugar. The production of sugar is concentrated in four agricultural-industrial complexes, but the production of rice and other crops is diffused
through the whole irrigated area to an extent which considerably complicates water management.'
The Administration of the Tinajones Project
The administration of the Tinajones project and of the water resource
of the Chancay-Lambayeque valley has undergone continuous change
during most of the period in which the present water system was being
constructed and operated. When the current Tinajones project was initiated, an autonomous project authority--the Executive Commission for
the Tinajones Project (CEPTI)-was established.6 CEPTI consisted of
two parts: one responsible for the construction of the project, and the
other, the Administrative Council, responsible for the development of
irrigation.' The Administrative Council did not function well and the
construction authority assumed total responsibility, which resulted in ne63.
64.
65.
66.

Id. at 30.
Id. at 16.
Id. at 2.
Id. at 54.
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glect of the wider aspects of water management and a concentration on
construction alone.
This situation persisted from 1965 until the agrarian reform of 1969.7
With the agrarian reform, CEPTI became part of the Directorate of Water
and Irrigation in the new Ministry of Agriculture and Food. These reforms
and the loss of autonomy considerably slowed down progress on the
project until 1973, when a further reform re-established the autonomy of
the project management within the Ministry of Agriculture." In 1982,
other changes occurred with the creation of a new project authority within
the regional development agency, consisting of representatives of the
President, the Lambayeque development corporation, and users of the
irrigation district." This authority reports directly to the directorate for
autonomous corporations within the cabinet of the President.'
The successive institutional changes have been paralleled by changes
in the general policies adopted towards irrigation and water management.
The major innovations in these areas occurred with the agrarian reform,
which nationalized water rights, established the obligation that all water
users pay for the water used on a volumetric basis, created irrigation
districts with responsibility to formulate a plan for cultivation and irrigation as the basic units for the administration and distribution of water,
and created the necessity for all water users to obtain a license."
The administration for the Chancay-Lambayeque irrigation district, in
which the Tinajones project is located, is typical of that now prevailing
in Peru. The district is divided into subdistricts: the regulated irrigation
district Chancay-Lambayeque in the lower valley, which is served by the
project, and the unregulated irrigation subdistrict in the upper valley.
Each water user is registered by the district according to the location of
the land, the water right, and the area to be irrigated. The registered users
are organized by district and subdistrict of irrigation into user committees
(juntas de usuarios)which include delegates from all users of water, both
for irrigation and non-irrigation purposes. These committees are responsible for representing users before the water authority, for coordinating
all actions for the development of the water resource, maintaining the
irrigation network, establishing and collecting tariffs, and other activities.2
In turn irrigation users are organized into irrigators' commissions (Com67. The agrarian reform transformed the agrarian structure of Peru. Through the reform, the
traditional large private estates (latifundos) were eliminated and replaced by agro-industrial complexes
which were later transferred to worker co-operatives. Id. at 30.
68. Id. at 54.
69. Id. at 57.

70. Id.
71. Peru. Ley general de Aguas, Decreto Ley No. 17752 (June 24. 1969).
72. J. Guerra. supra note 54, at 64.
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isiones de Regantes) established at the irrigation sector or sub-sector level.
The board of directors of each commission consists of representatives of
the empresas agricolas asociativas, the peasant communities, and the
medium and small farmers." Within the commission, in turn, there are
irrigator committees (Comites de Regantes) which nominate delegates to

the commission.7' These last two bodies form one institution responsible

for basic community and individual participation in the management of
the irrigation district. Management of the irrigation district is based on
the plan for cultivation and irrigation." The administrator, in discussions
with the juntas, uses the plan to reconcile the demand for water with the
supply of water. Once this reconciliation is achieved, the supply of water
should be controlled through the sub-sectors, user by user.
The maintenance of the irrigation system is the responsibility of the
user committee, but some of the major works, such as the Tinajones
Reservoir, are maintained directly by the project and district administration. The secondary system is maintained by the irrigator commissions.
The maintenance and operation of the irrigation district is financed by
the Ministry of Agriculture, the project authority, and from user tariffs
and quotas.' As in other areas of administration, the means of financing
have been modified on numerous occasions. Since 1981, however, emphasis has been placed on the tariff collected through the user committee
as the main means of meeting operation and maintenance costs of the
secondary distribution system." The tariffs have not met these costs,
although the gap between costs and tariffs has narrowed.
The Effectiveness of Management within the Tinajones Project
In general, although there are undeniably successful aspects to the
Tinajones project, the results of the first stage are not entirely positive.
For example, in the construction of the project there were considerable
deviations from the original conception, critical delays in the execution
of the project, and inconsistencies, in both the project and the water
system, between the activities planned and the activities executed.'
These construction problems have had a considerable impact on the
evolution of the management of the water system as a whole. The project
as originally conceived included not only the construction of the reservoir
and associated works, but also the remodelling of the secondary irrigation
system.' This has not been done, except in one area, resulting in con73.
74.
75.
76.
77.
78.
79.

Id.
Id.
Id.
Id.
Id.
Id.
Id.

at 65.
at 66.
at 85.
at 90.
at 93.
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siderable inefficiencies in the distribution of water and uncontrolled expansion of the irrigated area. Similarly, the slowness of the construction
process led to a considerable delay in the building of drainage systems.
The lack of drainage systems has contributed significantly to the salinization of much of the land.'
The division of responsibilities within the water system--on the one
hand for the management of the project and on the other for the use of
water-has led to large inconsistencies in decisionmaking. For example,
the project was originally designed to serve only 68,000 hectares but now
nearly 100,000 hectares actually receive water." This expansion has led
to the use of water in areas not included within the project boundaries
and outside the region subject to management. s2 It has contributed to the
failure of the use of the plan for cultivation and irrigation, which assumes
only 68,000 hectares are under irrigation and assigns water accordingly,
as the major management tool for the operation of the water system.
The division of responsibilities has also created a weak system of
management subject to outside interference and influence from all levels.
Despite the annual cultivation plans, there is a lack of control over farmer
behavior. Equally, the management of the Tinajones irrigation system has
passively faced the imposition of policies by other government institutions
which have a negative impact on the efficiency of the system. For example, rice has become the dominant crop in the valley, largely as a
result of the National Rice Programme. The plan for cultivation adopted
for the project foresaw some 20,000 hectares under rice cultivation," but
in fact, more than twice this area grows rice in most years. Rice places
very high demands on the supply of water." The expansion was possible,
in part, because of a succession of humid years, but such a situation
cannot be expected to continue.
The water management system in the Chancay-Lambayeque Valley has
continuously suffered from severe financial restrictions. This has greatly
slowed construction of the project. More recently, the lack of financial
resources has contributed to the inefficiency of operations and maintenance. This problem may be resolved as the role of the user associations
strengthens.
The management difficulties of the Chancay-Lambayeque system are
the synergistic result of a series of actions and inaction. There is far more
than one cause or one solution for the present situation. Currently, the
water system exceeds the effective control of the management. It would
not be accurate to say that the system is a failure: in many areas of the
80.
81.
82.
83.
84.

Id. at 121.

Id.
Id. a 110.
Id. at Il1.
Id.
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Tinajones project, the development of irrigation and water management
is successful, but it is not yet a managed water system under control.
Case 4. Water Management in the Valley of the River Limari,
Chile 8"'
Water management in Chile has undergone a series of reforms in recent
years which increased the role of the private sector in management-an
innovation which distinguishes that country from the rest of the region.
The case study of the River Limari reflects the relatively radical reform
of water management policies which has occurred. The Limari Basin has+
been developed in recent years largely for irrigation, and it is one of the
few in Chile with extensive control structures built specifically to supply
water for irrigated agriculture. Other demands on the water resources of
the basin are of only secondary significance.
Water Use in the River Limari Valley
The River Limari Basin lies some 400 kilometers to the north of Santiago. The basin has a semi-arid climate with relatively moderate temperatures. ' The natural vegetation consists of shrubs with larger varieties
close to the watercourses. Further inland there are large areas of xerophytic vegetation, including cactus.'
The 13,461 square kilometers of the basin vary in relief from the high
peaks of the Andes, with narrow rocky valleys occupied by mountain
torrents, to the lianos and terraces of the central part of the basin, to the
coastal lowlands. It is on the central terraces that the bulk of the population
and the main agricultural area are found."
The water system of the valley consists of the River Limari and its
main tributaries, the Grande, Hurtado and Huatulame (Figure 5). On each
of these principal watercourses, a water control structure has been built.
Together, this complex of structures and canals forms the Paloma hydrological system. The system is divided into three interrelated subsystems:
(i) The Recoleta subsystem consists of a reservoir on the River Hurtado, six main distributor canals, and the corresponding secondary network. The dam, put into service in 1934, was the first compacted earth
dam built in Chile. Some 14,000 hectares are irrigated. "'
(ii) The Cogotf subsystem is formed from the Cogotf reservoir and
85, Based on the study prepared for the United Nations, Economic Commission for Latin America
and the Caribbean by Jaime Baraqui, Eficiencia Institucional y Financiera en la Utilizaci6n de los
Recutsos Hfdricos: Estudio del Caso Chileno (1986).

86. United Nations. ECLAC. Sistema Hfdrico Limari-Paloma: Estudio de Caso Chieno. U.N.Doc.
No. LC/R.573 4 (1987),
87. Id. at S.
88. J. Baraqui, supra note 85. at 73.
89. United Nations, supra note 86, at 23.
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Figure 5
IRRIGATION IN THE RIVER LIMARI

dam on the River Huatulame, one main canal and the appropriate secondary distribution network. The Cogoti reservoir, built between 1935
and 1940, was designed to hold the winter rains until the following
growing season. The area irrigated is approximately 10,000 hectares.'
(iii) The Paloma subsystem includes the reservoir and dam constructed
on the River Grande and main and secondary distribution canal networks.
The Paloma subsystem was built as a unit in the 1960s and is the newest
and largest single irrigation work in Chile. Its functions are first, to act
as a means of inter-annual storage of the flows on the River Grande, and
second, to assist in the seasonal regulation functions of the Recoleta and
90. Id.
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Cogotf reservoirs. The area directly irrigated from the Paloma reservoir
exceeds 24,000 hectares."
In addition to the irrigated areas below the dams, more than 10,000
hectares in the upper watersheds are supplied from direct diversions or
from local rainwater collection and storage.' The water used by these
small areas of irrigation in the upper tributaries does not decrease the
supply available to the lower basin because the water would otherwise
be lost to evaporation or seepage.
The main agricultural products of the basin are fruit, vegetables, and
alfalfa. The potential for growth lies in the production of table grapes for
export, and tomatoes and other vegetables. The area under table grapes
has more than doubled since 1980.'
Other water uses in the basin consist of a small hydroelectric plant on
the River Los Molles and water supply and waste transport for the urban
centers. The slight demands of theses other uses eliminates any significant
conflict with the dominant irrigation demand.
Water Management in the Limari Basin
The management of the water resource system in the Limari Basin is
characterized by the important role played by the private sector, although
in the Limari Basin the public authorities have maintained a larger presence than in other similar basins in Chile. Under the modifications introduced to the Water Code in Chile, promulgated in August 1981, the
direct function of the State in water management is limited to the original
granting of the water right." Once granted, the water right becomes a
private good freely traded on the market. There are, however, restrictions
imposed on the exercise of this private right to use water according to
the consumptive or non-consumptive nature of the right originally granted."
In the Limari Basin, the most important water management institutions
are the user groups.' The authority and responsibility of these user groups
increases from communities to the control committees (Juntas de Vigilancia) which are responsible for the management of natural water bodies.
The owners of water rights are obliged to form user associations to manage
the resource. The associations elect a directorate, appoint staff where
appropriate, and have the right to charge a tariff to meet the costs of
operation. In addition, the control committees can, in times of drought,
restrict the right to use water and redistribute the supply among users.
91.
92.
93.
94.
95.
96.

J. Baraqui, supra note 85, at 99
Id. at 100.
Id. at 104.
Chile, C6digo de Aguas art. 5 (1981).
Id. arts. 12-15.
Water Communities, Associations of Canal Users and Watch Committee.

Sumner 19901

WATER RESOURCES IN LATIN AMERICA

Public agencies retain some water management responsibilities. Those
active in the basin include the Water Directorate of the Ministry of Public
Works, which is responsible for granting water rights, the Irrigation Directorate, responsible for the operation of the Paloma dam, and a number
of agencies which are major water users, such as the National Water
Supply and Sewerage Service (SENDOS), and state-owned electric power
companies, but these have now been transferred to the private sector.9'
In addition, there are various public agencies responsible for policy in
water related areas, such as the National Planning Office (ODEPLAN)
and the National Commission for Irrigation, but these do not have local
operations.
In the Limari Basin, the reformed system of water management is in
full operation, with one major qualification. The Recoleta and the Cogoti
reservoirs and their related canal systems belong to and are operated by
their respective associations of users, and there is one committee for the
entire Paloma system. These associations have their own technical staff.
The Paloma subsystem, however, is still managed by the Irrigation Directorate, although in close collaboration with the users." The committee
for the entire Paloma system can only have provisional status because of
this anomaly.
Each of the user associations is financially independent and must cover
the costs of operation through charges. The total cost of operating the
system in 1985 was some 150 million Chilean pesos (US$ 814,000)."
The highest expenditures were for the operation of the Paloma subsystem
(Table 2). In general, the annual operating costs are met from tariffs, but
longer term maintenance requirements and new capital expenditures have
not been incorporated in the calculation of the tariffs in the Limari Basin.
In the Paloma system, however, the operating costs are met by the Directorate and the cost of water is not charged to the users.
The Effectiveness of Water Management in the Limari Basin
In the Limari Basin, as in other irrigated areas of Chile, a notable
intensification of agricultural production is taking place. Paradoxically,
this is being accompanied by a reduction in water use due to lower water
demands from the new crops and an increase in the efficiency of water
use at the farm level. The production of table grapes and vegetables
demands a heavy investment in land preparation, and this is often accompanied by the adoption of improved methods of water application,
including drip irrigation.
97. ENDESA. the formerly state-owned electricity corporation. which had two subsidiaries in
the ara of the case study, was privatized in 1987.
98. United Nations, supra note 86. at 41.
99. Id. at 49.
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TABLE 2
Limari-Paloma System, Summary of Operational Expenditures, 1985
Expenditure
(millions of Chilean Pesos)

%

Total Limari-Paloma System

150.6

100.0

Paloma Subsystem
Reservoir Administration
"Junta de vigilancia.'"
Grande and Limari Rivers
Camarico Canal Users

102.3
78.1

68.0
51.9

19.4

12.9

Organization

Associalion

4.8

3.2

Recoleta Subsystem:

25.5

16.9

Recoleta Reservoir Users
Association

25.5

16.9

Cogoti Subsystem:
Cogoti Reservoir Users

22.8

15.1

Association
Punitaqui Canal Users
Association
*'Junta de Vigilancia."
Huatulume River

20.4

13.5

1.3

0.9

1.1

0.7

Source: Based on information provided by the different associations.

The improvement in water use efficiency at the farm level has not been
accompanied by a similar improvement in the efficiency of the operation
of the water storage structures. The Recoleta and Cogotf subsystems show
high water losses from leakages at the dams. It is estimated that at the
Recoleta dam 30 percent of the water stored is lost through filtering.'"°
There are also losses in the distribution system. The capacity of the users
to tackle these problems is restricted by the reluctance to raise tariffs.
This reluctance is underlined by the difficulties encountered in the Recoleta subsystem in attempting to introduce a two-part tariff consisting
of a fixed monthly contribution per action and a charge for each cubic
meter used."' Unfortunately, it has proved difficult to measure use and
many farmers have refused to accept the administration's estimates.
In part, the inefficiencies observed in the operation of the LimariPaloma water system have been inherited from the past, and are a reflection of the relative neglect of the agricultural sector in Chile for the
last half century. However, they also exemplify the problems to be anticipated when major reforms are made in public policy. The user associations have been given a new and more significant role in water
management and this new role has yet to be properly assimilated and
100. Id. at 17.
101. J.Baraqui, supra note 85, at 118.
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understood. At the same time, the actions of the government have changed
and the new direction of public intervention has yet to be consolidated.
The main thrust of public action for irrigation now occurs through the
°
Commission
National Irrigation Commission, established in 1975. 'The
Irrigation,"
of
Promotion
the
for
the
Law
defines policy and manages
which provides subsidies (75 percent of the cost) to the private sector for
the improvement of existing works or the construction of new projects.
The first invitation for the presentation of projects under this law was
made in 1986 and few projects have as yet received support. "1 The
existence of the subsidy machinery has awakened considerable interest
among the water user associations.
In the Limari Basin, for example, there has been great interest in the
possibilities provided by the new policy, and the Recoleta association has
presented three projects for canal improvements."0 5 The Cogotf association
is preparing projects and the other water user groups are studying the
opportunities provided by the new legislation,"o The national association
of water user associations criticizes the excessive paperwork, the restricted
funding available, and the continuing existence of irrigation systems like
the Paloma subsystem where the users have not been granted water rights.'0"
Despite these criticisms, the initiative is a laudable one and will probably
be successful, judging from the success of other sectors of the economy
where similar policies have been applied for some time. ""
CONCLUSIONS
Water resource administration in Latin America has made and continues
to make progress in the application of scientific management techniques.
Despite the advances that have been made, the case studies show that
the present state of water management in the region is far from optimum.
Many issues inherent to water system operation are being poorly handled
and even ignored in the running of the systems. This is generally the
situation with respect to the maintenance of infrastructure, but other
aspects of system operation and management are seriously disregarded
as well.
It must be recognized in reaching such a critical conclusion that many
factors which impact operations are not included in the direct management
102.
1975.
103.
104.
105.
106.

Chile, Ley Orginica de la Comisidn Nacional de Riego, Decreto Lay No. 1172. Sept. 4,
Chile. Lay de Fomento de Riego Artculo 4 (1985).
J. Baraqui, supra note 85, at 61.
Id. at 132.
Id.

107. Id. at i10.

108. The best example is forestry where a similar law has been in effect for more than a decade.
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responsibility of any water system, such as price control, the exhange
rate, and other aspects of macro-economic policy. At the same time, the
impact of many of these external factors can be mitigated or magnified
by management action. Only too commonly, however, the evidence from
the case studies indicates that management actions have magnified rather
than reduced the influence of unfavorable external conditions.
Many other important characteristics of management remain which are
clearly included in even the most reduced definition of water management.
The case studies demonstrate that, in both the decisionmaking and implementation, water management institutions have not always acted effectively or responded well to the opportunities available. This can be
seen, to cite only two examples from the cases, in the failure of the CAR
to develop a water resource development plan for the River Bogota,
having full authority to do so, and in the reluctance of the DGI in Mendoza, even when given the responsibility, to manage groundwater. This
reflects a diffidence or passivity in management attitudes which seems
invariable despite the differences in the organizational structure of the
management institutions studied.
Considerable stress has been placed by academicians and international
agencies on organizational change as the route to be followed to achieve
greater effectiveness and efficiency in water management. "' The case
studies provide no evidence, however, of the intrinsic superiority of one
organizational form over another. Various organizational schemes are
shown in the case studies. Each has its strengths and weaknesses, but no
systematic relationships can be identified. There is some evidence that a
clear distinction between responsibility for the -management of the resource itself and the management of the resource's use is beneficial. For
example, the CAR would be better able to fulfill its role as the manager
of the water resource if it did not act as the representative of the irrigation
interest. Private or user responsibility for use management is having a
beneficial effect in Chile. and may work well in Colombia and elsewhere.
Any observable difference of management performance among the case
studies seems to be due not to organizational structure, but to the dynamism of management. In general, the management institutions in the
case studies do not demonstrate a dynamic style of management. Water
management may not be in crisis in Latin America, but it is circumscribed
and stagnant. A means must be sought by which management can become
systematically more vital, more susceptible to change, and more interested
109. In the wider context of public administration there are some very interesting analyses of this
tendency. See L. Hammergren, Development and the Politics of Adminstrative Reform: Lessons
from Latin America (1983). and Motta. The Incompatibilityof Good Planning and Bad Management:
Implementation Problems in Development Administration, in The Public Sector in Latin America
(A. Saulniers ed. 1984).
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in the multiple issues that challenge it, such as productivity, sustainability,
and user participation. Until this is done, water control systems will
continue to contribute only a small fraction of their potential to development.
One means by -which more dynamic management might be achieved
is through improvement in the quality of management. This raises the
issues of how such improvement should be achieved and whether high
quality management can be institutionalized. One area needing improvement in most Latin American countries is training. Few examples exist
of any systematic attempts to produce personnel trained in water management. In none of the case studies, for example, was there any evidence
of attempts to train staff in management. There are successful efforts in
the region for the training of the managerial staff in some public utilities
and, of course, some water uses are managed by the private sector.
However, in the management of the water resources and the increasingly
large and complex water using systems very little is done to systematically
prepare managers."' The creation of training programs in Latin America
will require both considerable national efforts and the expansion of the
existing international activities in this area. They should be given immediate priority.
Today, water management in Latin America faces its greatest challenge
as the focus of management changes from constructing new projects to
running existing water control systems. At the same time, the complexity
of management is increasing as the scope of management widens to
encompass both water quality and the effect of decisions on the environment. The role of the private sector in water management is expanding,
adding a further dimension to the challenge facing water managers. Institutional innovation does not offer a solution to this challenge. Rather,
the solution must be sought in the better preparation of managers so as
to increase the quality of water management in the region. Among all
the technical, financial, and political problems encountered in the case
studies, the need to achieve and maintain a high standard of management
seems to be the most urgent.

110. There ame a few courses on water management, but the coverage is small and the course
content is not always directed towards the management issue. Rather, the courses are simply technical
courses with a broader curriculum.

